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Abstract 
In recent years, the use of Information and Communication Technologies (ICTs) and  to 
improve disease surveillance has been on the increase. This is in line with the notion that 
ICTs improve timeliness, availability and quality of public health data. Sub-Saharan 
Africa (SSA) is burdened with increasing health challenges and poor health 
infrastructure. Thus, an explosion of ICT-based health surveillance interventions to curb 
these challenges. However, despite the implementation of these interventions, important 
questions around the effectiveness and sustainability still  remain. This study proposes a 
realist evaluation of disease surveillance intervention outcomes from a sustainability 
perspective to uncover what works, for whom, under what conditions and why? We also 
discuss how the complex adaptive systems theory and affordance theory provide a lens 
for investigating this phenomenon. The results of this study will contribute to the evidence 
based movement for Information Systems (IS) research and practice in SSA. 
Keywords: Realist evaluation, disease surveillance, intervention outcomes, sustainability 
Introduction 
The prevalence of health challenges including communicable and non-communicable diseases is on the rise 
in the sub-Saharan African (SSA) region (Iwelunmor et al. 2016). For example, Nigeria has an estimated 
population of 182 million people (Kenny et al. 2017). Over 60% of the population are living below the 
poverty line (Kenny et al. 2017). The prevalence of health challenges such as Malaria, Wild Polio Virus, 
HIV/AIDS, high infant mortality and low life expectancy are relatively high (Kenny et al. 2017; Kim et al. 
2017). Coupled with incessant activities of the Boko Haram insurgency particularly in the north-eastern 
part of the country, more settlements have become difficult to reach for routine public health activities 
(Birukila et al. 2016). The outbreak of diseases in such a country with poorly equipped public health 
infrastructure can be catastrophic not only to the region, but also, a threat to the global community (Ado et 
al. 2014). The SSA region is characterized by weak health systems and poor health coverage especially in 
remote regions. In addition, the political will and reliance on external funding poses unique challenges to 
the sustainability of health intervention outcomes in SSA (Mboera et al. 2013).  Shortage of healthcare 
workers, low literacy levels and insufficient funding have also been identified as major barriers to achieving 
sustainability (Iwelunmor et al. 2016). 
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In the recent outbreak of Ebola virus in sub-Saharan Africa, several cases were reported in Liberia (10,675 
cases with 4,809 deaths), Sierra Leone (14,124 cases with 3,956 deaths), Guinea (3,811 cases with 2,543 
deaths), and Nigeria (20 cases with 8 deaths) (WHO 2016). The World Bank revealed an estimated Gross 
Domestic Product (GDP) loss, accounting for up to $2.2 billion in the three most affected countries; $1.4 
billion loss for Sierra Leone, $535 million for Guinea and $240 million for Liberia (World Bank 2015). 
Nigeria was declared Ebola-free through the coordinated support of the World Health Organization (WHO), 
United States Centers for Disease Control and Prevention (CDC), Médecins Sans Frontières (MSF), 
UNICEF, and other partners (WHO 2014).  
In view of the health challenges and high rates of morbidity in sub-Saharan Africa, the need for effective 
and sustainable disease surveillance interventions is of utmost importance (Dairo et al. 2018; Drewe et al. 
2012; Iwelunmor et al. 2016). Wassilak et al. (2017) advocated for high-quality disease surveillance systems 
for effective monitoring and timely response to outbreaks, especially in developing countries. This will 
provide accurate and reliable information about disease patterns for public health action (Calba et al. 2015). 
For years, the efficiency of surveillance systems has been scrutinized (Herida et al. 2016). Therefore, 
periodic evaluation of surveillance systems is required in order to improve performance and efficiency 
(Herida et al. 2016).  
Several frameworks and guidelines for evaluating disease surveillance interventions have been developed 
by the CDC, WHO, Health Canada and other researchers (El Allaki et al. 2013). This effort is aimed at 
gathering credible evidence on the performance of these interventions. However, Calba et al. (2015) 
highlighted deficiencies in the existing evaluation approaches and evidence base for disease surveillance 
interventions. One of the major limitations is the failure to incorporate stakeholders’ perspectives, 
expectations and needs (Calba et al. 2015). Another common approach for evaluating public health 
interventions especially in the field of medicine is the Randomized Controlled Trials (RCTs). The RCT 
methods have also been criticized for their failure to consider the role of context (e.g. political, cultural and 
geographic barrier) in achieving health and intervention outcomes (Fletcher et al. 2016). Thus, limiting our 
understanding of the complexities associated with such public health interventions. Also, generalizability 
and transferability of this knowledge becomes a challenge (Enam et al. 2018). Therefore, researchers have 
argued for more theory-based evaluations in order to improve our understanding of these complexities 
(Breuer et al. 2015; Shigayeva and Coker 2014). This paper proposes a theory-driven approach to evaluate 
disease surveillance interventions by adopting the Realist Evaluation (RE) methodology. This approach 
offers a more comprehensive form of evaluation by taking into consideration the role of context including 
all relevant stakeholders that may influence the intervention outcomes.  
The focus of this study is to investigate the sustainability of the Auto-Visual AFP Detection and Reporting 
(AVADAR) project outcomes, which is aimed at improving the quality of Acute Flaccid Paralysis (AFP) 
surveillance. This project was implemented as an intervention with the goal of eradicating polio virus 
particularly in SSA. The intervention was deployed in partnership with eHealth Africa (eHA) (a 
nongovernmental organization), WHO, Novel-T and Bill & Melinda Gates Foundation. AVADAR was 
piloted in August 2016, following an outbreak of the polio virus in Nigeria (Ojabo 2017). In 2017, the project 
was scaled-up to other polio high risk countries including Niger, Cameroon, Chad, Liberia, Sierra Leone 
and Democratic Republic of Congo (Arinola and Obiako 2017).  
This intervention is focused on training community informants and health workers to identify cases of AFP 
among children and adults using the AVADAR mobile application. While the informants are required to 
submit weekly reports on identified cases, they also receive weekly alerts on their mobile phones containing 
a short video clip with a description of AFP as a reminder. These video clips have been translated into 
different languages to fit local the context of implementation. Reports from the informants are submitted 
from the mobile app via Short Message Service (SMS). The informants receive an acknowledgment SMS 
after submission. These reports are stored on the server and the information is displayed on the online 
dashboard where authorised users can access and export the data. Reports indicating a positive case of AFP 
are automatically sent to Disease Surveillance Officers (DSOs) for further investigation. The DSOs 
investigate the cases using the Open Data Kit (ODK) form on their mobile phones and the information is 
logged on the dashboard. The project allows data to be monitored in near real-time. By 2017, over 5,000 
informants have been trained in 7 countries, and 8,994 suspected AFP cases reported. DSOs have 
investigated 7,770 suspected cases and 539 true cases of AFP were identified.  
The research questions emanating from the foregoing are as follows: 
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• What are outcomes associated with the implementation of the AVADAR intervention in SSA? 
• How sustainable are these outcomes in the long run? 
• What are the contextual conditions that influence the sustainability of these outcomes? 
• What mechanisms exist for the AVADAR intervention to generate the observed outcomes? 
Disease Surveillance Systems 
Disease surveillance refers to “the ongoing systematic collection, analysis and interpretation of health 
data essential for planning, implementation, and evaluation of public health practice, closely integrated 
with timely dissemination of these data to those who need to know” (Adokiya et al. 2015). Early warning 
about potential public health threats and monitoring public health programs are key functions of disease 
surveillance systems. The early warning function is fundamental for regional, local and global public health 
action. Through timely dissemination of data from several data sources, swift action can be taken to avert 
spread of diseases, particularly, communicable diseases. The monitoring function of disease surveillance 
systems is fundamental in achieving program objectives such as eliminating certain diseases in an endemic 
region. Figure 1 illustrates the components of disease surveillance systems, which comprise the core and 
support functions, surveillance system structure and surveillance quality attributes. 
 
Figure 1. Components of Disease Surveillance Systems 
 
Aim and Objectives 
The aim of this study is to investigate the sustainability of the AVADAR intervention outcomes by 
unearthing the influence of contextual factors and underlying mechanisms responsible for generating the 
intervention outcomes. 
To achieve this aim, the following objectives will be pursued: 
1. Identify the intended (e.g. minimizing errors in data collection) and unintended outcomes of 
AVADAR intervention. 
2. Assess and compare the identified outcomes in different implementation contexts during and after 
the withdrawal of initial support. 
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3. Develop a theoretically grounded model that explains the interaction of the complex relations of 
interconnected components (actors, context, outcomes, implementation process) based on the 
empirical evidence gathered. 
4. Develop transferable models for improving the effectiveness and sustainability of AVADAR 
intervention outcomes. 
The Challenge 
There exists a persistent challenge concerning the envisaged effects or consequences of public health 
interventions within their context of implementation (Bonell et al. 2015; Jabeen 2016; Lemon and Pinet 
2018; Mendel et al. 2008). Public health interventions exhibit the tendency of generating outcomes that 
may not have been originally planned by program managers or intervention designers. As such, deviating 
from the intended goals or benefits expected from the intervention. For example, the implementation of an 
Electronic Medical Record (EMR) is expected to improve performance of medical processes and reduce 
errors in a healthcare setting. However, a study conducted by Han et al. (2005 reported an increased child 
mortality rate associated with the EMR implementation. Unintended outcomes are argued to be inevitable 
by-products of such interventions (Jabeen 2018). They can also be positive (providing unanticipated 
benefits), negative (causing detrimental effects) or neutral (Rahadhan et al. 2012). Existing studies mostly 
focus on the evaluation of intended outcomes to ensure that interventions meet their targeted goals 
(Goldhaber-Fiebert and Brandeau 2015). More recently, however, there has been a growing interest from 
the international evaluation community on the need to explicate the effects of unintended outcomes 
(Jabeen 2018). Public health interventions are deployed to achieve a set of predefined goals within their 
context of implementation (CDC 1999). Studies have shown that contextual factors (e.g. policies, culture, 
social relations) influence intervention outcomes (Aranda-Jan et al. 2014; Gilmore et al. 2016; Kok et al. 
2014; Lemon and Pinet 2018). This is coherent because public health interventions do not work in a vacuum 
or in a controlled environment, instead they are deployed in settings with pre-existing social structures. 
These social structures can shape human decision making process and trigger varied perceptions from 
different individuals. Thus, health interventions could be viewed as complex systems (Jabeen 2016). 
Complex systems are characterized by multiple interconnected components (e.g. people, processes, 
technology, context) interacting in unexpected ways  (Greenhalgh et al. 2018). Consequently, the process of 
social change follows a non-linear pattern resulting in unpredictable outcomes (Jabeen 2018).  
Given the unpredictable nature of intervention outcomes, a related challenge is to determine how 
sustainable are the outcomes within the implementation context. The sustainability of health intervention 
outcomes has been a growing concern among funders and implementers, particularly in sub-Saharan Africa 
where such interventions are required (Iwelunmor et al. 2016). This has triggered questions like “what 
happens among individuals, families, communities or health care systems when donor funding for 
implementations expires?”. Sustainability, as broadly conceptualized by Shediac-Rizkallah and Bone (1998, 
comprises three dimensions. Firstly, it concerns the continued health benefits received by the target 
community from the inception of the intervention. Secondly, the continued implementation of surveillance 
activities within the organizational context after withdrawal of supporting funding. Thirdly, the 
empowerment of health workers and community members through knowledge impact, skills and resources 
to continue surveillance activities after the project execution phase. The integration of these concepts allow 
for planning “what is to be sustained, how or by whom, how much and by when” in measuring 
sustainability (Shediac-Rizkallah and Bone 1998).  
Iwelunmor et al. (2016) highlighted a paucity of research on the sustainability of health intervention 
outcomes in SSA. Similarly, a systematic review of disease surveillance evaluation literature highlighted the 
need to consider the interests of stakeholders to ensure sustainable outcomes are generated (Calba et al. 
2015). Therefore, this research will attempt to fill this gap by investigating how underlying mechanisms and 
contextual factors influence the sustainability of public health intervention outcomes in SSA.  
In view of the complexities associated with evaluating public health intervention outcomes, Realist 
Evaluation (RE) is chosen as a suitable approach to address the challenge (Greenhalgh et al. 2015; Pawson 
and Tilley 1997; Wong et al. 2016). RE is a theory-driven form of evaluation, underpinned by the realist 
philosophy (Pawson and Tilley 1997). It seeks to answer “what works, for whom, under what 
circumstances and why?” of complex interventions (Greenhalgh et al. 2015). This study will adopt the RE 
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approach to investigate under what circumstances are disease surveillance intervention outcomes effective 
and sustainable, in a target community. The Context-Mechanism-Outcome (CMO) configuration is a useful 
tool to map how the context influences intervention processes (mechanisms) to produce intended and 
unintended outcomes (Mirzoev et al. 2015).  
Research Design 
This study will adopt a multiple case study design for the purpose of theoretical replication of intervention 
components across multiple sites (Yin 2014). This design will also allow the researcher to obtain rich 
information about the how and why the intervention works, in its real-life settings (Benbasat et al. 1987). 
The research design will take a longitudinal approach in order to explicate the structures and contextual 
factors that influence the AVADAR intervention outcomes (Wynn Jr and Williams 2008). This approach 
will allow the researcher to monitor and measure the sustainability of the AVADAR intervention outcomes. 
The multiple case study is suitable for this study because it allows comparison of intervention outcomes in 
different contexts. This aligns with the RE assumption which holds that underlying mechanisms are 
triggered or constrained in different contexts. The case study design also allows for collection of data from 
multiple sources (Benbasat et al. 1987). An iterative process of data collection shall be adopted in this study. 
Ethical approval will be obtained from our Institutional Review Board and Ministry of Health. The data will 
be analyzed using the CMO framework to extract the patterns of context and mechanisms. This shall aid in 
building and refining the underlying program theories guiding the intervention. Subsequently, the 
propositions generated from the data shall be tested and refined until our understanding of the intervention 
processes is refined. A theory-driven interview method shall be explored in accordance with realist 
evaluation principles (Manzano 2016). Different subgroups of stakeholders (e.g. program managers, 
application designers, field supervisors and end users) will be interviewed to obtain different perspectives 
of individual perceptions and expectations. In addition, other methods including field observations and 
review of archival documents (e.g. project objectives, impact reports and policy documents) will be adopted. 
A mixed method of qualitative and quantitative data will be adopted in this study. Quantitative data will be 
used to identify the patterns of context and intervention outcomes; as well as measuring service quality of 
the surveillance system. In contrast, qualitative data will provide an in-depth understanding to identify the 
factors that promote or hinder the intervention benefits, the contextual factors, and the reasoning and 
behavior of the target population (Mukumbang et al. 2018). This rich, contextual information will be 
suitable and relevant for producing an in-depth description of the AVADAR intervention, and for building 
middle range theories (Yin 2014).  
Methodology 
Realist Evaluation (RE) 
The RE, being a theory-driven evaluation approach, will be adopted in the methodological framework of 
this study with the aim of generating middle range theories (Marchal et al. 2012). These theories will explain 
‘what works, for whom, in what circumstances and why’ of the AVADAR intervention. The RE approach 
assumes that every program or intervention works based on a theory or set of theories which may be implicit 
or explicit (Pawson and Tilley 1997). This guides the program to achieve specific goals or objectives as 
planned by the program designers. However, the aim of realist evaluation is to exhume those theories which 
may not be realist in nature, and refine them into realist theories (Pawson and Tilley 1997). This process is 
aided by the CMO configuration tool (Carlsson 2003; Marchal et al. 2012). The middle-range theories 
produced from this configuration explain how an outcome (O) is generated by a mechanism (M) triggered 
in a specific context (C) through an Actor (A) when an Intervention (I) is implemented (Mukumbang 2018). 
These theories will inform the intervention designers on how best to allocate resources in achieving a 
specific intervention outcome. It will also inform who benefits more (or less) from the implementation of 
the intervention. 
Theoretical Framework 
This study will draw from a number of candidate realist social theories to guide the study. These theories 
are selected based on their perceived relevance and potential to explain the underlying processes involved 
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in generating intervention outcomes. The Complex Adaptive Systems (CAS) theory aligns with the 
objectives of this paper in the aspects of understanding unpredictable change patterns and how emergent 
properties are formed (Onix et al. 2017). For example, how does empowerment occur as an unintended 
intervention outcome? CAS concepts are also well suited for building explanatory theories to offer more 
insights into the underlying mechanisms responsible for the change processes (Onix et al. 2017). The 
potentials of the CAS theory have been identified by Information Systems (IS) researchers resulting in a call 
for more CAS-based studies (Onix et al. 2017). From a socio-technical perspective, we argue that the 
Affordance Theory is well-suited for improving our understanding of the role of the IT artifacts that support 
the goals of the intervention. The concepts of affordances allow us to study the action possibilities offered 
to the end users of the IT artifact in order to achieve individual and organizational objectives (Pozzi et al. 
2014).   
Affordance Theory 
This study will draw from the Affordance Theory to examine the relationship between actors (health 
workers and community informants) and the technological artifact (e.g. mobile phones, PDAs, software 
application) (Volkoff and Strong 2017). IT-related affordances refer to the possibilities offered by an IT 
artifact to its user(s) in order to achieve a goal-oriented action (Strong et al. 2014). Thus, the Affordance 
Theory takes a socio-technical perspective, which enables distinction between the technology and its social 
or contextual structures in which it is embedded (Volkoff and Strong 2017). While the Affordance Theory 
explains the relationship between an object and how it is seen by an actor in the environment, it fails to 
explain preceding events between the object and the actor (Volkoff and Strong 2017). Therefore, Strong et 
al. (2014) extended the Affordance Theory to develop the concept of ‘affordance actualization’. This explains 
how a user actually performs an action (actualization) from the multiple potentials (affordances) offered by 
the technology (Volkoff and Strong 2017). Therefore, this research will draw from Affordance Theory to 
explain how the IT artifact embedded in the AVADAR intervention affords or constrains individual users’ 
actions in achieving intervention outcomes. Applying the affordance lens to thus study will enable 
improvements in the design of the AVADAR system to enhance effectiveness and efficiency (Volkoff and 
Strong 2017). Furthermore, with regards to user training, the affordance lens will be useful in determining 
how and what to train users on, based on the identified affordances (Volkoff and Strong 2017).  
Complex Adaptive Systems (CAS) Theory 
Healthcare interventions that adopt the use of IT are regarded as complex systems due to the interactions 
between the technology, organization and social context, and working practices of the people (Ebenso et al. 
2017; Jeffries et al. 2017). Complex systems are described as a composition of spontaneous agents with 
unclear and unstable boundaries whereby actions of agents are interconnected and a change in one agent’s 
action changes the context for other agents (Greenhalgh et al. 2018). The CAS lens allows us to better 
understand the implementation of complex interventions and offer new ways to conceptualize the health 
information systems implementations to improve implementation successes (Keshavjee et al. 2013). An 
important feature of the CAS theory is the concept of emergent properties which may be useful in identifying 
the unintended outcomes of the intervention. Also, considering that CAS operate under conditions far from 
equilibrium, continual changes in contexts affect the behavior of the overall system. 
Expected Contributions 
Being anchored by the RE approach, theoretical contributions will be expected in the form of middle-range 
theories faithful to the SSA context where there is a scarcity of such contributions. These theories will be of 
benefit to program managers and intervention designers by taking into account the contextual factors which 
may trigger or constrain a desired mechanism in the context of SSA. As a result, more sustainable 
intervention outcomes can be maintained. Our research outcomes will ultimately offer insight into the 
reasons for success and failure of IS based healthcare project implementations in SSA. Thus, building a 
more evidence base and learning points for key policy makers and intervention designers for decision 
making. This contribution is relevant to the evidence based movement in the IS discipline as advocated in 
(Wainwright et al. (2018). Moreover, we argue that augmenting the CAS theory with the Affordance Theory 
will offer a rich insight to better understand IS implementation processes in the healthcare context, 
including the role of embedded technologies from a sustainability perspective. This is one of the few studies 
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in the IS discipline which attempts to explore this theoretical framework to study the sustainability of 
disease surveillance intervention outcomes in the context of SSA. 
Conclusion 
This study is at a gestation stage and future work will engage a pilot study to gather data in the northern 
part of Nigeria where the AVADAR intervention is currently operational and ongoing. Other neighboring 
countries, will also be explored to carry out a comparative role of context in achieving intervention 
outcomes. The overall idea is to develop a theoretically grounded framework that will guide purposeful 
implementation of disease surveillance systems across SSA, based on the lessons learnt from the study. The 
impact of this study will address regional, as well as global health challenges to assist countries meet the 
Sustainable Development Goals (SDG Goal 3). 
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